Background Liquid chromatography-tandem mass spectrometry (LC-MS/MS) has recently been utilized to accurately detect the amyloid proteins of renal amyloidosis. The present study investigated the optimal procedures for analyzing samples by LCMS/MS, and the advantage of using this technique to diagnosis renal amyloidosis. Methods To detect amyloid proteins, laser microdissected glomeruli from AL (n = 13) or AA (n = 10) renal amyloidosis patients were digested and analyzed by LCMS/MS. To determine the best procedures for analyzing samples by LCMS/MS, we examined the suitability of tissue samples, frozen or formalin-fixed paraffin-embedded (FFPE), the number of dissected glomeruli required for analysis (2, 10, or 50 glomeruli), and the amount of trypsin with or without dithiothreitol (DTT). We additionally compared the detection of amyloid proteins between immunostaining and LCMS/MS. Results Examining 10 dissected glomeruli from FFPE sections digested with trypsin 3 µL (0.1 mg/mL) without DDT made it possible to detect amyloid protein in all 10 AA and in 10 out of 12 AL amyloidosis cases. All AA amyloidosis cases were diagnosed using immunohistochemistry for amyloid A. With immunostaining, however, there were several inconclusive immunoglobulin and/or their light chain staining noted in the AA or AL amyloidosis cases. Even so, LCMS/MS was able to accurately detect amyloid protein in renal amyloidosis. Conclusion The use of 10 laser microdissected glomeruli (170,000-220,000 µm 2 ) with amyloid deposition from FFPE sections digested with trypsin 3 µL (0.1 mg/mL) allowed the accurate detection of amyloid protein in AA and AL amyloidosis.
Introduction
Amyloidosis is a disease caused by extracellular deposition of insoluble proteins with β-sheet structures exhibiting long fibrils in various organs [1] . The kidney is one of the most frequently involved organs. Amyloid deposits are generally identified by pathology on the basis of their applegreen birefringence under a polarized light microscope on Congo Red-stained samples, with the presence of rigid nonbranching fibrils ranging from 7.5 to 10 nm in diameter seen on electron microscopy. Despite the similar morphologic findings observed for the amyloid depositions, there are at least 31 different amyloid proteins that are known to be causative proteins of amyloidosis. To design an appropriate therapeutic strategy, it is necessary to identify the true amyloid protein that is found in renal amyloidosis. Determination of the type of amyloid protein in amyloidosis has previously been identified by pathology that uses specific antibodies for amyloid protein in immunofluorescence (IF) and/or immunohistochemical (IHC) studies. However, it has been reported that, occasionally, these techniques cannot always detect true amyloid proteins, as non-specific positive or false negative stainings do occur [2] [3] [4] . Based on these issues, proteomic methods have recently been utilized 1 3 to assess amyloid proteins. Sethi et al. [5, 6] demonstrated that proteomic methods can detect amyloid proteins using renal biopsy tissue samples. With this method, renal tissues with Congo Red-positive staining were dissected using a laser microdissection (LMD) technique for renal biopsy samples. After collection, the samples underwent further analysis using liquid chromatography-tandem mass spectrometry (LC-MS/MS).
Based on these previous studies, we have begun to investigate the detection of amyloid proteins using LCMS/MS proteomic analysis in renal amyloidosis. Our present study examined potential procedures that could be used to analyze renal amyloidosis samples by LCMS/MS. In addition, in AL and AA amyloidosis, we also examined the advantage of using LCMS/MS analysis compared to the classical IF and IHC methods.
Materials and methods

Patients
After a search of our departmental records for renal amyloidosis cases encountered between 1994 and 2016, we found a total of 23 cases that were diagnosed with AL (13 cases) and AA (10 cases) amyloidosis, including 6 autopsy cases: 4 cases of AL (AL5, AL6, AL8, and AL13) and 2 cases of AA (AA6 and AA8) amyloidosis. In our medical school hospital, the kidney samples in renal biopsies were fixed by 20% neutral formalin overnight, and the kidney samples in the autopsies were fixed by 20% formalin within 7 days. In control cases without amyloidosis, 5 renal biopsy cases of MCNS were used to compare between IF findings and the results of LCMS/ MS. In addition, 5 autopsy cases without amyloidosis and kidney diseases were used for the evaluation of the appropriate number of glomeruli for LCMS/MS analysis. Diagnoses of AA and AL amyloidosis in the present study were made based on the clinical information, laboratory data, and pathology. IF and IHC staining were performed using fluorescein isothiocyanate (FITC)-conjugated antibodies against IgG, IgM, and IgA (all from MBL, Nagoya, Japan), and polyclonal rabbit antibodies against human immunoglobulin κ or λ light chains (all from DakoCytomation, Glostrup, Denmark) and monoclonal mouse anti-human antibodies to amyloid A (DakoCytomation).
Sample preparation and analysis using LCMS/MS
Tissue extraction
For each case, 5-µm-thick sections of 20% neutral or 20% formalin-fixed paraffin-embedded (FFPE) or non-fixed frozen tissues were stained with Congo Red or Direct Fast Scarlet (DFS) on Leica PEN membrane glass slides. Glomeruli that were positive for the Congo Red stain were dissected by LMD using the Leica dissector (Leica LMD6000, Leica Microsystems, Mannheim, Germany). Before dissection of the glomeruli by LMD, the areas of glomerulus with Congo Red-positive staining and the areas of Bowman's capsule were measured by a computer-assisted image analyzer (Win Roof 2015 Version 3.1.0, Mitani Corp.,Tokyo, Japan), with the amyloid deposition rate calculated (Fig. 1) . Fig. 1 Percentage of amyloid deposition area in glomeruli. Before performing LMD of the glomeruli, the percentage of the amyloid deposition area in the region surrounded by Bowman's capsule was calculated as amyloid deposition rate (%). Glomeruli with amyloid deposition in the Congo Red or Direct Fast Scarlet (DFS)-stained sections were measured by a computer-assisted image analyzer (a-d, ×600). Glomeruli with various amyloid deposition rates were noted in each glomerulus and in each of the renal amyloidosis cases (e-h, ×600). Bar 50µ m
Tissue digestion
Following LMD, microdissected tissue samples was collected into 0.5 mL microcentrifuge tube caps containing 40 µL Tris/EDTA/0.002% Zwittergent 3-16 buffer. After heating at 98 °C for 90 min, and samples were sonicated at a frequency of 35 kHz using a sonicator (Transsonication 890, Elma Schmidbauer GmbH, Singen, Germany) in a water bath for 90 min. The microdissected tissue fragments were then digested into tryptic peptides overnight at 37 °C. Following the tryptic digestion of the samples, dithiothreitol (DTT) was added, and the samples were heated to 95 °C for 5 min [7] .
Mass spectrometry proteomic analysis
After digestion of the tissue, all of the samples were analyzed by LCMS/MS using an amaZon ETD (Bruker Daltonics, Billerica, MA, USA). Raw data files from the LCMS/ MS were queried using two different algorithm databases (Mascot and X!Tandem). The results were combined and assigned peptide and protein probability scores according to the Scaffold database that was derived from the SwissProt human database (Proteome Software Inc., Portland, OR, USA). A list of proteins based on peptides identified by the mass spectrometry was generated for each case. Peptide identifications were accepted if they could be established at > 95% probability, with a 2 peptide minimum as specified by the peptide algorithm. The spectra value indicates the total number of mass spectra collected by LCMS/MS and matches the protein determined when using the proteomics software. A higher mass spectra number is typically indicative of greater abundance, thereby leading to a much better amino acid sequence coverage. Moreover, a higher number also demonstrates a higher confidence in the protein identification. It should be noted that when using the LCMS/MS and Scaffold database, a minimum of 4 mass spectra must be found in the samples to demonstrate any significant amyloid deposition [5, 6] .
Optimal condition required for LCMS/MS sample analysis
To determine the appropriate number of glomeruli required for a successful LCMS/MS analysis, we investigated the use of 2, 10, and 50 laser microdissected glomeruli from FFPE tissues of 2 biopsy cases of AL amyloidosis and 9 autopsy cases, including 2 cases of AL and 2 cases of AA amyloidosis and 5 negative control cases of non-amyloidosis and nonkidney diseases. In addition, 10 dissected glomeruli from the FFPE tissues of 12 AL amyloidosis and 10 AA amyloidosis cases were digested and analyzed by LCMS/MS. We then examined the correlation between the amyloid deposition rate (percentage of Congo Red-or DFS-positive glomerular areas relative to the areas surrounded by Bowman's capsule) and the mass spectra values for the amyloid proteins determined by the LCMS/MS analysis. Furthermore, we additionally evaluated the appropriate amount of trypsin and the necessity of adding a reducing agent such as DTT (Wako, Tokyo, Japan) during the digestion of amyloid protein into peptides. The dissected 10 glomeruli with amyloid deposition from the FFPE tissue sections were digested by 3, 6,12, and 20 µL of trypsin (0.1 mg/mL) (Promega, Madison, WI, USA) with or without 2 µL of DTT (100 mM).
Findings of the IF and IHC studies and LCMS/MS analysis
To evaluate the advantage of using LCMS/MS analysis versus the classical pathology techniques for the detection of amyloid proteins in AA and AL amyloidosis patients, we compared the findings of IF and IHC for the immunoglobulins and amyloid proteins with the findings for the LCMS/ MS analysis.
Results
Optimal conditions required for LCMS/MS sample analysis
Renal glomeruli with amyloid deposition were microdissected using the LMD technique, and samples were digested and evaluated by LCMS/MS. This part of the study examined the optimal conditions required to successfully detect amyloid protein by LCMS/MS. After measurement of the percentage of the amyloid deposition rate found within the glomeruli ( Fig. 1) , we investigated the appropriate number of glomeruli required to successfully perform the LCMS/MS analysis using biopsy and autopsy cases. To determine this, we examined the degree of the amyloid protein spectra in 2, 10 (170,000 to 220,000 µm 2 ), and 50 dissected glomeruli from FFPE samples obtained from 4 AL amyloidosis and 2 AA amyloidosis cases as well as 5 control autopsy cases without amyloidosis and kidney diseases (Fig. 2a) . The spectra numbers for the amyloid protein increased in accordance with the number of dissected glomeruli from 2 to 50 in both the AL and AA amyloidosis cases. In control cases without amyloidosis and kidney diseases, the amyloid protein such as immunoglobulin light chain or serum amyloid A could not be detected even in the samples of 50 dissected glomeruli, although the spectra numbers for cytoskeletal proteins such as keratin, actin, and vimentin increased in accordance with the number of dissected glomeruli from 2 to 50. Importantly, all of the samples having more than 10 glomeruli were shown to have more than 4 mass spectra, which is considered to be significant for amyloid protein in amyloidosis cases. However, the samples containing only 2 glomeruli were shown to have fewer than 4 spectra in 1 out of 4 cases.
Subsequently, we then examined the correlation between the amyloid deposition rate in the glomeruli and the mass spectra numbers for the amyloid protein in the AL and AA amyloidosis cases (Fig. 2b, c) . The amyloid deposition rate in the glomeruli was 22.7 ± 11.6%, while the mean spectra number for the immunoglobulin light chains from the 10 dissected glomeruli was 11.6 ± 11.2 in the 12 AL amyloidosis cases. However, in the groups with 10 dissected glomeruli, there were 2 out of the 12 AL amyloidosis cases for which the mass spectra exhibited less than 4 spectra (AL11 case: 2.6% in amyloid deposition rate; and AL12 case: 16.0% in amyloid deposition rate). In the 10 AA amyloidosis cases, the amyloid deposition rate in the glomeruli was 11.1 ± 8.6%, while the mean spectra number for the serum amyloid A from the 10 dissected glomeruli was 19.6 ± 9.9.
After digestion of the ten dissected glomeruli from the FFPE samples, we evaluated the appropriate amount of trypsin and DTT required for the proteolysis in three cases of each in the AL and AA amyloidosis groups (Fig.3) . The 10 dissected glomeruli were digested by 3, 6, 12, and 20 µL of trypsin (0.1 mg/mL) with or without DTT. For the AL amyloidosis samples, the spectra numbers for the immunoglobulin light chain did not increase, though the amount of trypsin was increased or DTT was added. The highest spectra number was found for the sample with 3 µL (0.1 mg/ mL) trypsin. For AA amyloidosis, the spectra number for the serum amyloid A was the highest in the sample with 6 µL (0.1 mg/mL) trypsin in 2 out of 3 cases, while it was highest for the 3 µL (0.1 mg/mL) trypsin with DTT in 1 out of 3 cases. Similar to that seen for the digestion for AL amyloidosis, the spectra number for all of the AA amyloidosis cases exhibited more than four spectra of serum amyloid A in the samples with 3 µL (0.1 mg/mL) trypsin.
Findings of the IF and IHC studies and the LCMS/MS analysis
In all of the AA amyloidosis cases, IHC evaluations of amyloid A demonstrated clearly positive amyloid deposition areas (Fig. 4) . However, we also observed equivocal and irregular weak positive staining against immunoglobulins in all of these AA amyloidosis cases. The LCMS/ MS analysis of the AA amyloidosis cases examined both frozen and FFPE samples (Fig. 5) . For the tissues from the FFPE samples, the analysis demonstrated that the amyloid protein (serum amyloid A) could be detected as The protein probability score spectra numbers for the amyloid proteins in the LCMS/MS analysis. a In both the AL and AA amyloidosis cases, the spectra numbers for the immunoglobulin κ or λ chain or the serum amyloid A in accordance with the number of glomeruli dissected (i.e., 2, 10, and 50). In all 6 cases, the spectra number for amyloid protein (κ or λ chain or serum amyloid A) increased above the minimum spectra number of 4 when 10 glomeruli were dissected. b When using 10 dissected glomeruli, the number of spectra for the immunoglobulin κ or λ chain was greater than 4 in 10 out of 12 cases (exceptions were cases AL11 and AL12). c The number of spectra for the serum amyloid A was greater than 4 in all 10 AA amyloidosis cases when using 10 dissected glomeruli. The spectra numbers for the amyloid proteins in both the AL and AA amyloidosis cases were not clearly correlated with the degree of the percentage of amyloid deposition in the glomeruli (amyloid deposition rate). The mean spectra for AA amyloidosis was larger than that found for AL amyloidosis, though the amyloid deposition rate was smaller in AA amyloidosis versus AL amyloidosis were highest in the samples with 6 µL of trypsin in AA3 and AA10, and in the sample with 3 µL of trypsin and DTT in AA7. The sample with 3 µL of trypsin without DTT, which was the optimal condition for digestion of the AL amyloid, exhibited a sufficient spectra number above 4 that allowed for the diagnosis of amyloidosis in all 3 of the AA amyloidosis cases high spectra numbers. In contrast, for the serum amyloid A in the frozen tissues, there were no or very low spectra numbers found. In addition, the spectra numbers for the apolipoprotein E (ApoE) and serum amyloid P component (SAP), which are known to be major constituents of amyloid and referred to as "amyloidogenic proteins", were also found to have no or low spectra in the samples from the frozen tissues. ApoE and SAP were detected in almost all cases as high spectra numbers in the samples from the FFPE tissue. The spectra numbers of cytoskeletal proteins such as keratin, actin, and vimentin were also higher in FFPE samples than those in frozen samples. Furthermore, in the AA amyloidosis cases, LCMS/MS could not detect any of the immunoglobulins that were observed in the IF staining.
The IF and IHC evaluations of AL amyloidosis showed that there were inconclusive positive staining and/or false negative staining against immunoglobulins and/or immunoglobulin light chains detected in the glomeruli with amyloid deposition (Fig. 6) . However, the LCMS/MS analysis of the 10 dissected glomeruli from FFPE tissues showed that only a single immunoglobulin light chain with more than 4 spectra could be detected (Fig. 7) . The single immunoglobulin light chain detected in these cases was the same as the light chain found during the analysis of the serum by IEP. ApoE and SAP were detected by LCMS/MS with more than four spectra in all of the AL amyloidosis cases. It should be noted that, in the one case, (AL2), where the M-protein could not be observed in the serum or urine by IEP, the LCMS/MS analysis demonstrated that there was deposition of the κ light chain in glomeruli, which suggests that LCMS/MS may be a more highly sensitive method as compared to IEP.
To compare the IF findings and the results of LCMS/ MS in the control cases without amyloidosis, we analyzed 5 biopsy cases of MCNS. The LCMS/MS analysis of these cases did not detect any amyloid proteins such as the immunoglobulin light chain or serum amyloid P, as well as amyloidogenic proteins such as ApoE and SAP. Furthermore, although irregular positive staining of IgM was noted in the glomeruli in our cases, LC-MS/MS analysis could not detect any immunoglobulin heavy chains.
Discussion
The LCMS/MS technique is a combination of liquid chromatography (LC) with mass spectrometry (MS), while MS/ MS is the combination of two mass analyzers in one mass spectrometry instrument. Therefore, LCMS/MS can identify a protein with high specificity and sensitivity. As a result, this new technique has been used to accurately diagnose the type of renal amyloidosis [5, 6] . This study attempted to determine the optimal conditions required for LCMS/MS sample analyses. We first examined whether FFPE or frozen tissues were better for the detection of amyloid protein, and then determined how many glomeruli with amyloid deposition were necessary to have on the 5-µm-thick sections. Other laboratories have used LMD to dissect 2 to 4 glomeruli from 10-µm-thick sections of FFPE tissues, with each of the samples containing an area of 50,000-60,000 µm 2 Fig. 5 Results of LCMS/MS according to the Scaffold database for AA amyloidosis. LCMS/MS analysis results showed that the serum amyloid A (green color arrow) was the most commonly identified protein, in the FFPE sections in the AA1-AA4 cases, with protein probability spectra number scores of 25, 22, 8, and 16 (highlighted in green color), respectively. Cases AA1-AA4 were the same cases shown in the IF and IHC findings in Fig. 4 . The spectra numbers for the serum amyloid A and amyloidogenic proteins (apolipoprotein E and serum amyloid P: orange color arrowhead) were higher in FFPE sections than those in frozen samples. There were no spectra detected for the immunoglobulins in either the frozen or the FFPE specimens for the LCMS/MS analysis. The spectra numbers for cytoskeletal proteins such as keratin, actin, and vimentin (blue color arrowheads) were higher in FFPE tissues than in frozen tissues [8, 9] . In our study, we found that 10 dissected glomeruli from 5-µm-thick FFPE sections were necessary to be able to detect amyloid proteins in 10 out of 12 AL amyloidosis cases and in all 10 AA amyloidosis cases. In addition, FFPE tissues were considerably more suitable than frozen tissues for the LCMS/MS analysis, as there were larger spectra numbers for the amyloid and amyloidogenic proteins in samples from FFPE tissues versus the frozen tissues. In Fig. 7 Results of the LCMS/MS analysis using the Scaffold database in AL amyloidosis. Results of the LCMS/MS analysis of the 4 AL amyloidosis cases showed that the amyloid protein (single k or λ light chain: green or yellow color arrows) was detected more than minimum spectra 4 level in the FFPE specimens, in conjunction with the amyloidogenic proteins (serum amyloid P and apolipoprotein E: orange color arrowhead). Result of the LCMS/MS for the AL1 cases showed there was a large spectra number of the k chain, similar to that found in the IF study. For the AL2 case, although the monoclonal immunoglobulin in the serum and urine could not be detected by IEP, LCMS/MS demonstrated the presence of the k light chain as a 10 spectra of the Ig k C region. For the 2 other AL cases (AL3 and AL4), there was only one immunoglobulin light chain that matched the findings of the IEP study addition, cytoskeletal proteins such as keratin, actin, and vimentin were higher in FFPE tissues than those in frozen tissues, indicating that the protein could be preserved by formalin fixation for a long time. It is well known that formalin fixation serves to stabilize the cellular and morphological details of cells. In DNA and mRNA extraction from glomerulus using LMD, the DNA volume is better from frozen tissues than FFPE tissues and may be associated with the degradation and breakage of DNA and mRNA by formalin fixation [10, 11] . However, the proteins after formalin fixation can be preserved for a long time and can be analyzed by LCMS/MS, because the majority of the primary sequence of proteins may be protected from formalin fixation and many unmodified peptides can be recovered by digestion and readily identified by LCMS/MS [12] . In the present study, our frozen samples of amyloidosis cases were saved for more than 10 years. We considered the possibility that frozen samples could digest themselves even in a deep freezer in our department. The use of this technique therefore is advantageous, as this means that only small samples are required for the analysis, and FFPE tissues can be kept for a long time. When it is not possible to detect amyloid protein using 10 glomeruli from 5-µm-thick FFPE sections, we should dissect additional glomeruli needed for the LCMS/MS analysis, because we found that the spectra numbers for the amyloid protein increased in accordance with the number of dissected glomeruli.
We subsequently examined the amount of trypsin and DDT required for the proteolytic procedures. During the course of the proteolysis, trypsin is the most common enzyme used for the procedure, due to its ability to only hydrolyze the C-terminal side of arginine or lysine [13] . DTT is a powerful reducing agent that is able to cleave the disulfide bonds among amyloid deposits, thereby preventing intermolecular and intermolecular disulfide formation in cysteines [14] . Our results showed that, even if the amount of trypsin (0.1 mg/mL) was increased from 3 to 20 µL or if DTT was added to the AL amyloidosis samples for the LCMS/MS analysis, the mass spectra number for immunoglobulin light chain did not increase. The highest spectra for immunoglobulin κ or λ was noted in the samples with 3 µL (0.1 mg/mL) of trypsin without DDT. In addition, the spectra of serum amyloid A in the samples with 3 µL (0.1 mg/ mL) of trypsin, while under the same conditions as that for AL amyloidosis, showed there were more than 4 spectra in all 4 of the AA amyloidosis cases. Thus, we considered that 3 µL (0.1 mg/mL) of trypsin might be sufficient for the digestion of AL and AA amyloidosis samples for LCMS/ MS analysis.
Interestingly, our results showed that the spectra numbers of the amyloid proteins determined by the LCMS/MS analysis were not correlated with the degree of the amyloid deposition rate. This may suggest that the extraction rate of the amyloid protein from the FFPE tissues differs in accordance with each of the amyloid proteins. In fact, when using our method, less than 4 spectra were evident in 2 out of 12 AL amyloidosis cases. Low spectra numbers were also noted in the AL amyloidosis versus the AA amyloidosis cases, even though the amyloid deposition rate was higher in the AA amyloidosis compared to the AL amyloidosis. While at least 31 amyloid proteins have been recently reported to be associated with amyloidosis, the optimal proteolytic conditions for the trypsin and DDT may differ for each of the amyloid proteins. If amyloid protein cannot be detected in samples with 3 µl (0.1 mg/mL) of trypsin, further examinations of the amyloid protein proteolysis will need to be undertaken to determine the optimal conditions for each of these amyloid proteins.
While IF and IHC studies remain the most widely used technique for detecting the amyloid protein, the results are sometimes inconclusive. Serum amyloid A, which is associated with chronic immune activation such as rheumatoid arthritis, has been reported to have a selective affinity for immunoglobulin components in the serum [2] . This could be associated with the nonspecific positive staining that is observed in some of the IF and IHC studies. Indeed, inconclusive positive staining of immunoglobulins and/or the absence of any amyloid protein staining was evident in the IF in the present study. It has been previously reported that in some cases, the monoclonal deposition of IgG κ in glomeruli can be masked [15] . Although Hoshii et al. generated new antibodies against the immunoglobulin light chain constant and variable region in AL amyloid [16, 17] , this technique is difficult to use in routine pathological studies. However, the use of the LCMS/MS proteomic analysis can compensate for these limitations in the detection of amyloid protein that occur when using these routine pathological techniques.
LCMS/MS can be used to identify not only well-known amyloid proteins, but also unknown amyloid proteins. Previous studies have shown that the LCMS/MS analysis can be used to detect these amyloid proteins in familial and hereditary amyloidosis, such as transthyretin (ATTR), leukocyte chemotactic factor 2 (LECT2), fibrinogen Aα chain, and apolipoproteinA-I, A-II, and A-IV, which are otherwise difficult to diagnose when using routine pathological techniques [18] [19] [20] . Moreover, the LCMS/MS proteomic analysis has also been recently utilized to define the glomerular proteomic profile of various types of glomerulonephritis [21, 22] .
Although LCMS/MS can detect amyloid protein and is superior as compared to classical pathological technique, its accuracy is less than 100% [7, [23] [24] [25] . This is thought to be related to several limitations that are associated with LCMS/ MS. The analysis of LSMS/MS can indicate the proteomic profile of tissues; however, there may be difficulty in finding which protein is associated with the amyloid protein, when it is an unknoun amyloid protein. In addition, identification is dependent on enzyme cutting sites and informatics, and the procedure might be less sensitive for low abundance proteins. There may also be issues with insufficient tissue volume due to problems during the biopsy [26] .
Conclusion
LCMS/MS analysis of 10 dissected glomeruli using LMD from 5-µm-thick FFPE sections with trypsin 3 µl (0.1 mg/ mL) without DDT was able to detect amyloid and amyloidogenic proteins in AA and AL amyloidosis. LCMS/MS can detect amyloid protein that is inconclusively stained by the IF and IHC techniques.
